Introduction
Bread wheat (Triticum aestivum L.) is annual crop, self-pollinator and contains Genome Hexoploid (AABBDD). Wheat, ranking second among cereals, supplies nutrients to more than one billion of population (Mergoum et al., 2009 and Braun et al., 2010) . The demand of wheat is anticipated to increase by 40% in next ten years (FAO, 2015) .
Arid and semiarid areas adversely affected by drought environment that suffered from reducing more than 50% of yield crops (Jalilvandy & Mehdi, 2013) . Plant breeders detected intensively for reliable and rapid method to combat drought problems. So, the researches on wheat to develop or introduce new superior genotypes or varieties that are very valuable (Subhani et al., 2012; Khan et al., 2013; Mahmood et al., 2013 and Aktas, 2016) . These genotypes can tolerate serious drought stress without considerable reduction in grain yield. However, Talebi et al. (2009) , Pireivatlou et al. (2010) and Koleva & Dimitrova 
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(2018) recommended indictors naming "drought indices" for recognition of drought tolerant genotypes. Mitra (2001) considered that these indices represent drought stress measurement from the difference between grain yield under (Ys) stress and (Yp) non-stress (Clarke et al., 1984 and Huang, 2000) .
Multiple drought tolerance indices were calculated based on the potential yield (Yp) under normal and yield (Ys) under water stress conditions. Many investigators used these indices in their studies (Guttieri et al., 2001; Saba et al., 2001; Braun et al., 2010; Nazari & Pakniat, 2010; Abdi et al., 2012; Ahmadizadeh et al., 2012 and Parchin et al., 2013) . Although, drought tolerance indices have been manipulated in different crops (Richard, 1996; Sio-Se Mardeh et al., 2006 and Darvishzadeh et al., 2011) , the genetic properties and consistencies of these indices are in needed to more studies (Arshadi et al., 2018 and Besufikad, 2019) .
Genotypic coefficient of variance supplies facts on the genetic variation display in quantitative traits in base population, but it is too difficult to define the quantity which was heritage. So the heritability measurements assist it to predict the improvement in the selection (Ene et al., 2016) . Thus, the heritable portion of the variation could be more useful with help of heritability estimates. However, heritability is the proportion of observed phenotypic variation in a progeny that is influences by genetic effects (i.e. heritable) (Kearsey & Pooni, 1996 and Sleper & Poehlman, 2006) . Heritability of a trait is influenced by the number of genes involved, the population and the environment. Altering one of these factors results in different estimates of heritability (Acquaah, 2007 and Besufikad, 2019) . High heritability is leaded the traits to improve very easy and accelerate than low heritability. The traits with high heritability, their phenotypic variations are caused by genetic divergence between the genotypes. Whereas, the traits with low heritability, are less influenced by genetics components contrarian to environmental components. So that the traits will response slowly towards selection and will have low genetic gain in breeding (Falconer, 1989) .
Correlation studies have identified drought indices associated with grain yield that may be effectively used to improve grain yield (Butler et al., 2005; Javadinia, 2011 and Augustina et al., 2013) This investigation was carried out in order to enhance efficiency of drought tolerance indices for recognizing the promising tolerant genotypes.
This may provide good and reliable indicators for identification between sensitive drought and drought tolerance in wheat crops.
Materials and Methods
Field experiments were conducted at the Experimental Farm, Faculty of Agriculture Suez Canal University, Ismailia; Egypt during the two successive seasons (2015-2016) and (2016-2017) . October 20 was the planting date for both seasons. Genetic material comprised ten wheat genotypes were kindly provided by Field Crops Research Institute, Agricultural Research Center, Egypt and International Center for Agricultural Research in the Dry Areas (ICARDA) and were used as plant material in this study. Pedigree and description of these genotypes are presented in Table1.
Supplemental irrigation was provided by sprinklers for two water regimes during plant growth. Drought was created by withholding irrigation after 30 days from sowing and giving two supplementary irrigations, after 60 and 90 days from sowing. Control treatment was well watered throughout the growing period as needed to minimize water shortage until 10 days prior to maturity. Water application was monitored via a water meter and the Control treatment (wellwatered) received 420mm, while the drought experiment (severe stress) received 140mm. The experimental plot consists of 6 rows, 3m long with 5cm row to row. All agricultural practices were carried out as recommended for wheat production in this area. 
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The experimental design used here is a randomized complete block design (RCBD) with three replicates. The experimental plot consisted of 6 rows, 3m long and 5cm apart in which grains were drilled by hand. The normal recommended agricultural practices of wheat production were applied at the proper time.
Statistical analysis
In order to consider susceptibility or tolerance ratio of genotypes to water stress and evaluated main criteria for wheat genotypes, nine indices were used as described below:
1-Stress tolerance index, STI= (Yp*Ys)/ Ȳp2 (Fernandez, 1992) .
2-Stress tolerance, TOL= Yp-Ys (Rosielle & Hamblin, 1981) .
3-Stress susceptibility index, SSI= (1-(Ys/Yp)/ SI (Fischer & Maurer, 1978) , where, the stress intensity, SI= 1− (Ȳs/Ȳp). Fernandez, 1992) .
4-Geometric mean productivity, GMP=
5-Mean productivity Index, MPI= Ys+Yp/2 (Hamblin, 1981) 6-Harmonic Mean, HARM= 2(YpxYs/Yp+Ys) (Fernandez, 1992) 7-Yield index, YI= Ys/Ȳs) (Gavuzzi et al., 1997) .
8-Yield stability index, YSI= Ys/ Yp (Bouslama & Schapaugh, 1984) . 9-Drought resistance index, DI= Ys x (Ys/Yp)/ Ȳs (Lan, 1998) .
where, Yp and Ys present the mean yield of genotype under non-stress and the mean yield of genotype under stress, respectively. Ȳp and Ȳs were total mean of grain yield for all genotypes under non-stress and stress conditions, respectively.
Rank sum, RS= Rank mean (R) + Standard deviation of rank (SDR) .
Correlation analysis among indices and both grain yields under normal and stress conditions was measure. Cluster analysis of the genotypes based on yield in the non-stress and water stress conditions and based on nine drought indices was carried out using the average linkage algorithm and Euclidean distance measure.
Genetic components include genotypic variance (б 2 g) and phenotypic variance (б 2 p), genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were calculated using the method given by Syukur et al. (2012) whereas broad sense heritability (h 2 bs) was analyzed according to Allard (1960) . Genetic advance (GA) and the genetic advance as percentage of the mean (GAM) were calculated according to Johnson et al. (1955) , GA= i h 2 bs Vp, where i= 2.06 (5% selection intensity), Vp: the phenotypic standard deviation of the character, h 2 bs: heritability. The genetic advance as percentage of the mean (GAM) %= GA/x-× 100. GA= genetic advance, and x-= Great mean of a character.
Results and Discussion

Mean performance of genotypes based on the tolerance indices
This study was conducted to reveal the right tolerance indices for testing of genotypes under drought environment, nine drought tolerance indices were estimated by means of the yield in non-stress and stress conditions ( Table 2 ). The highest yield value (Yp) was recorded in genotype 10 followed by genotype 1 under nonstress condition. Similar trends were showed by both of two genotypes for Ys under stress condition. The lowest yield value was obtained in genotype 4 followed by genotype 3 under nonstress condition and in genotype 8 and genotype 7 under stress condition. The variation in Yp and Ys suggested the occurrence of important resources for getting drought tolerant genotypes under this study. The results are similar to those of Abdi et al. (2013) .
STI ranged from 0.22 to 1.39; the higher values of up to 1 indicate high stress tolerance. Menezes et al. (2014) reported a high STI rate for the genotype represents its high drought tolerance and its high yield. Genotypes 10, 1 and 6 had the largest STI rate and Yp and Ys, indicating, they might be the best promising tolerant whereas genotype 8 showed the smallest STI rate (0.22) and grain yield (101.90) under stress condition. Mevlut & Sait (2011) considered that the genotypes with high STI normally have high difference in yield in stress and non-stress environment. These findings are in adherence to Farshadfar et al. (2013) .
TOL was considered an efficient measurement to increase yield under drought environment (Fernandez, 1992) . The highest TOL values were related to genotype 8, 9 and 7 (373.50, 269.70 and 253.30), respectively. Therefore, high amount of TOL is a sign of genotype susceptibility to stress (Parchin et al., 2013) . While, genotypes 1 and 6 with low TOL values (75.30 and 76.40) were considered as tolerant genotypes. Similar results were found in those of Prakash (2007) , Mahdi (2012) and Raman et al. (2012) .
Regarding to SSI, Genotype 1 recorded the lowest value of 0.35 followed by genotype 6 (0.40) and could identify as the promising tolerant genotypes. Because of they revealed minor yield reductions under drought condition. These results are in harmony with Chauhan et al. (2007) and Kumar et al. (2014) . However, the development of different genotypes in relation to time of drought stress or shortage of adjustment with difficult conditions might due to the reason of variation in SSI. Nerveless, Akbarabadi et al. (2015) expressed that it is not necessity to select genotypes tolerance based on this index high yield, but these genotypes have drought tolerance mechanism, that cause low yield difference between non-stress condition and stress condition. Genotypes 8, 9 and 7 with high SSI values (1.97, 1.45 and 1.45, respectively) can be considered drought susceptible. Similar results were found in those of Abdi et al. (2013) and Raman et al. (2012) .
Genotypes with highest GMP and MP values and YI were preferred under stress conditions (Farshadfar & Javadinia, 2011) . Therefore, based on these current indices, genotypes 10, 1 and 6 exhibited the highest value, indicating tolerant genotypes whereas genotype 8 was the most sensitive genotype. These results are in agreement with Koleva & Dimitrova (2018) .
Regarding to the highest YSI values were recorded for genotypes 1, 6 and 10 (0.86, 0.83 and 0.70), respectively. These current genotypes had the same tend to DRI. These findings are cooperated with and Ghobadi et al. (2012) . 
Ranking method
Various indices presented different genotypes as drought tolerant (Table 3) . Noticeably, it is argumentative to recognize the drought tolerant genotypes based on a single criterion. According to who calculated mean rank and standard deviation of ranks of all drought tolerance indexes and identified the best favorable drought tolerant genotypes based on these two criteria. With respect to all indices, genotypes 1 (RS= 1.95), 6 (RS= 3.54) and 10 (RS= 3.98) were the most drought tolerant genotypes, respectively. Whereas, genotypes 8 (RS= 11.22), 7 (RS= 9.32) and 9 (RS= 8.84) were the most susceptible to drought stress (Table 3 ). The data are comforted with Mohammadi et al. (2011 and Khalili et al. (2012) .
Phenotypic, genotypic variances and coefficient of variability
The variations in crops divide into heritable and non-heritable such as phenotypic and genotypic variances and phenotypic and genotypic coefficients of variation. Therefore, recognizing the status of variability in crop species is vitally important since it supplies the base for selection. A wide range of variance was observed for all drought tolerance indices among ten wheat genotypes (Table 4) . There is the presence of inherent genetic variation among the ten wheat genotypes. The observations revealed that genetic variance was less than phenotypic variance for all indexes indicating the environment might have effects on this experiment. ∂ 2 P and ∂ 2 G were greater under stress (13039.13 and 13032.83, respectively) than ∂ 2 P and ∂ 2 G under non-stress condition (7875.86 and 7861.37, respectively) for grain yield. This may be due to the effects of environment (Besufikad, 2019) .
HAM had expressed high phenotypic and genotypic variance (14842.1 and 14829.14) followed by YS (13039.13 and 13032.83). STI recorded low phenotypic and genotypic variance (0.18 and 0.17) followed by YI (0.22 and 0.21). This result is consistent with Saba et al. (2001) and Darvishzadeh et al. (2011) . The PCV values were ranged from 19.12% for Yp to 74.10% for DRI. Similarly, the GCV values ranged from 19.10% for Yp to 74.10 for DRI (Table 4) . GCV was less than PCV for all indexes.
In some cases, GCV was near to PCV for Yp, Ys, TOL, SSI, GMP and HAM presenting the expression of these indices was influenced by genetic effects and they having potential to improve in further selection (Naeem et al., 2015) . Since, PCV and GCV values greater than 20% are considered as high and values between 10% and 20% as medium, whereas values less than 10% are considered as low (Deshmukh et al., 1986) . Therefore, this study documented that high PCV and GCV for all drought indices expect Yp had low PCV and GCV. Nevertheless, high values of PCV and GCV for drought indices implied the existence of greater magnitude of genetic variability and these indices might control by genetic factor. Therefore, selection may be effective based on these indices (Arshadi et al., 2018) . The coefficient of variation (CV %) compares the relative amount of variability between crop plant traits (Sharma, 1988) . DR was recorded the highest coefficient of variation (136%) followed by SST with 117.46%. Both of indexes might have higher amounts of exploitable genetic variability among the studied drought tolerance indices. As the results indicated, there is greater potential for favorable advance in selecting these indexes compared to others. Whereas, Yp showed the lowest CV% (33.10%). Consequently, Yp, has low exploitable genetic variability and less potential for favorable advance when compared to other indices. Likewise, Ys had greater variation (CV%= 71.84) than Yp (CV%= 33.10%). The difference between the values of CV% might due to the genotypic yields are right type for particular condition and non-right for other conditions Farshadfar et al., 2013) .
Broad sense heritability and genetic advance
Broad sense heritability contains additive and non-additive gene actions and plays useful role in expecting a good selection (Tazeen et al., 2009 ). Measurement of broad sense heritability in this study showed the reliability of drought tolerance indices as a guide to its genetic importance. Ys was recorded for the highest value of heritability with 99.5% whereas the smallest value (92.9%) was for YSI. The value of heritability was considered very high when it was greater than 80% (Singh, 2001 ).
Furthered, drought tolerance indices showed very high heritability indicating these indices affected by less environmental elements and selected easy because of high additive effect. Moreover, these superior heritability values were recorded in Table 4 , indicated the possibility of improvement in the indices (Naeem et al., 2015; Besufikad, 2019 and Sumanth et al., 2017) . These results are partially constant with Darvishzadeh et al. (2011) who demonstrated that MP, GMP, STI, HAM and YI have reasonable heritability and are capable to choose the genotypes with high yield in stress conditions. As consequence, Dashti et al. (2007) and Yue et al. (2005) investigated that effect of QTL on drought indexes varied from 4.90 to 36%.
It has been emphasized that without genetic advance, the heritability values would not be of practical importance and reliable in selection based on phenotypic appearance. So, genetic advance should be considered useful along with heritability in coherent selection breeding program (Sumanth et al., 2017 and Besufikad, 2019) . The highest value of genetic advance was recorded for HAM, followed by Ys (250.74 and 235.11), respectively. This suggested the selection for best high yielding genotypes, 5% genotypes as parents are only, mean HAM of the offspring might improve a large value of 250.74 that mean genotypic value of new generation for HAM index will improve from 331.93 to 582.67. Similar trends to Ys, it will improve from 275.28 to 507.39. The observations were shown, GMP, MP and HAM had high genetic advance along with high heritability. Genetic advance with heritability have high values pointing together out that these indices are regulated by additive gene action. This result is consistent with Rameeh (2012) , Hamdi et al. (2013) and Tahmasebpour (2013) .
Whereas, YI, YSI and DRI had low genetic advance along with high heritability indicated that the effects of environments are greater more than the effects of genetics. Because of the three indices will not useful for further selection (Ene et al., 2016 and Besufikad, 2019) .
Moreover, genetic advance as percent of the mean (GAM) varied from 1.55% to 135.40% for DRI and STI, respectively. The highest value of GAM joint to high heritability was recorded for STI indicated that improvement in this index is possible through mass selection and progeny selection (Hosseini et al., 2012 and Naeem et al., 2015) .
Correlation analysis
The correlation coefficients between Yp, Ys and drought tolerance indices were estimated and identified the best drought index. In addition to it could be an acceptable indicator for choosing the most promising genotypes. Table 5 presented STI, GMP, MP, HAM, YI, YSI and DRI had positive correlation with Yp and Ys. According to Blum (1988) indicated the favorable index has positive correlation with yield under stress and non-stress environments. Therefore, these results might be fruitful for choosing good drought indices. However, Yp and Ys had significantly positive correlation (0.70). Tanner & Sinclair (1983) explained the reason for positive correlation between yield under normal and stress conditions was that the efficiency of water-use remained the same and not varied with change in water availability.
Yp had positive correlation with each of STI (0.84), GMP (0.81), MP (0.89), HAM (0.76), YI (0.71), YSI (0.33) and DRI (0.63).These indices were suitable for selection genotypes in non-stress condition. Where, TOL and SSI correlated negatively with Yp, (-0.02 and -0.032, respectively) .These findings are in consensus of results of Toorchi et al. (2012) and Naghavi et al. (2013) . Similarly, Ys had significantly positive correlation with STI (0.97), GMP (0.98), MP (0.95), HAM (0.99), YI (0.99), YSI (0.90) and DRI (0.98). Moreover, these indices reflected greater yield performance under stress than non-stress condition. In addition to they were suitable for survey of drought tolerance and more applicable in recognizing the genotypes with high yield under stress conditions. The data is in harmony with Khalili et al. (2012) . On other hand, there were significantly negative correlations between Ys with TOL (-0.72) and SSI (-0.90).
STI had positive correlation with GMP, MP and HAM and so STI could include similar information as GMP had significantly positive correlation with Yp and Ys. This correlation with Yp (0.81) was less than Ys (0.98). Exceptionally, TOL correlated positively with SII (0.95) and they could recognition the same information (Nandan et al., 2010 and Ajayi et al., 2014) .
This study showed that YSI has higher positive correlation with Ys (0.90) than with Yp (0.33). These observations are disagreed with Abdi et al. (2013) who recorded negative correlation was only in YSI with Yp while positive correlation was in YSI with Ys. Nerveless, Falahi et al. (2011) recommended that choosing genotypes with high yield stress and a poor performance in normal conditions for drought breeding program. Over all, STI, GMP, MP and HAM could be better predictor of Yp and Ys. These findings were reliable with those recorded by Khakwani et al. (2011) and Farshadfar et al. (2012 b) . In General, the observations showed negative correlation between sensitivity indices and tolerance indices as well as grain yield under non-stress and stress conditions. Since the genotypes with smaller amounts of sensitive indicators and tolerance to stress, known as tolerant genotypes selection based on these indices genotypes1, 6, and 10 are tolerance to drought stress condition (Abdi & Taher, 2016) .
Cluster analysis
Construction of dendrogram based on 9 drought tolerance indices and yield under non-stress and drought conditions was illustrated in Fig. 1 . The ten wheat genotypes split into three main clusters (Fig. 1) . Cluster I contained sensitively genotypes that had high values of stress susceptibility (TOL and SSI) and low values of tolerance indices and separated into two groups. First group comprised genotypes 3, 4 and 5. Second group contained genotype 7 and 9. * Significance at 5% level of probability. Fig. 1 . Dendrogram of 10 wheat genotypes based on cluster analysis using 9 drought tolerance indices and yield under non-stress and stress conditions (Genotype codes: see Table . Cluster II contained tolerant genotypes that had low value of stress susceptibility and high value of tolerance indices (genotype 1, 6 and 10). Where, genotype8 separated only in cluster III and considered very sensitivity genotype. Based on the result of the cluster analysis and comparison of the means, it was shown that cluster II expressed the best drought sensitive/tolerance indices. This implies that selecting for those indices will provide preference of the genotypes in this cluster over others (Ene et al., 2016) . However, this classification was in paralleled with the results of Farshadfar et al. (2012 b) .
Conclusion
To present the main points of drought tolerance indices concisely that GMP, MP and HAM had less variation between phenotypic coefficients of variability and genotypic coefficient of variability corresponded to high heritability. They can be used as an option for each other to choose drought tolerant genotypes with high yield performance in various environments. According to all different statistical procedures, the genotypes 1, 6 and 10 could be considered as three promising drought tolerant genotypes with high and stable yield under non-stress and stress conditions while genotypes 3, 4 5 7 and 9 could be considered drought susceptible. Genotype 8 was identified as highly drought susceptible. So this genotype is not suitable for drought stress condition. The results of this study recommended GMP, MP and HAM to make good selection and to construct genetic mapping of drought tolerance in wheat breeding program.
